INTRODUCTION
PE is a major class of glycerophospholipids found in biological membranes. Moreover, these subclasses exist in three forms with alkyl, alkenyl or acyl linkages at the sn-1 position of the glycerol moiety. The alkenylacyl form is called plasmalogen 1 . While plasmalogen is restricted in most tissues and cells of animals 2 , the nervous system possesses high plasmalogen contents. Moreover, plasmalogen levels were reported to be specifically decreased in postmortem brains from Alzheimer s disease patients 3 .
Plasmalogen can also prevent cell death by scavenging singlet oxygen 1 O 2 and superoxide O 2 at its alkenyl vinyl ether linkages, as demonstrated by mutant cells that are deficient in an enzyme for plasmalogen biosynthesis 4 . While these findings suggest that plasmalogen has important physiological roles, its absorption and metabolism are not fully understood mainly due to lack of plasmalogen resources and analytical methods. Following bovine spongiform encephalopathy outbreaks, use of bovine brain as a plasmalogen resource became diffi-is readily available along Japan s northwest coast.
There are several methods for quantifying plasmalogen that measure either plasmalogen aldehydes with 2, 4-dinitrophenylhydrazones 9, 10 , iodine caught in a vinyl-ether bond 11 , lyso-PE with thin layer chromatography TLC 1, 2, 12 , dimethyl acetal DMA with gas chromatography GC 13, 14 or plasmalogen derivatives by phospholipase C treatment followed by TLC or high-performance liquid chromatography HPLC 15, 16 . However, these methods have some drawbacks in terms of convenience and sensitivity. Recently, new methods were reported for determination of plasmalogen, such as GC-MS 17 and LC-MS/MS 18 , have improved to be applicable to measurements of plasmalogen that are with more convenience and higher sensitivity. The aim of this study is to develop a laboratory-scale preparation method for ethanolamine plasmalogen and
Laboratory-scale preparation
Plasmalogen preparation was performed as described for Fig. 1 . The viscera from the ascidian Halocynthia roretzi was freeze-dried and crushed. After neutral lipid was removed by washing twice with 4 L of acetone, 1 kg of the freeze-dried viscera was extracted twice with 4 L of chloroform-methanol 2:1, v/v containing 0.002 BHT. A supernatant was prepared according to the method described by Folch et al. 19 . Then, 100 g of the crude lipid was dissolved in chloroform and 2 L cold acetone followed by the addition of 50 mL 10 MgCl 2 in methanol 20 . 
Phospholipid analysis
Phospholipid content was determined according to the method described by Rouser et al. 21 . A multiplier of 25 was used based on the general phosphorus content in phosphatidylcholine. Phospholipid classes were analyzed by HPLC with an evaporative light-scattering detector ELSD 22 . of 35 . The post-column ELSD was a SEDEX model 55 Sedere, Vitry sur Seine, France , kept at an evaporation temperature of 60 and 2.0 bar pressure 2.7 L/min for nebulization gas nitrogen . The photomultiplier sensitivity was adjusted to a gain of eight.
The determination of plasmalogen was achieved by acid hydrolysis 23 . After PE was treated with HCl, PE and the generated lyso-PE were measured with HPLC-ELSD as described above.
Fatty acid and aldehyde analysis
The fatty acids and aldehydes were converted to FAME and DMA, respectively, with 1 mL 4 H 2 SO 4 in methanol and 1 mg 17:0 as an internal standard at 100 for 30 min 24 . After the reaction, the tubes were cooled on ice and 4 mL 2 KHCO 3 and 5 mL hexane were added. The mixture was shaken by vortex and, after phase separation the hexane phase was washed with 5 mL of water and evaporated to dryness. The FAME and DMA were analyzed by GC on a GL Science GC353B device Tokyo, Japan with a flame ionization detector. Helium was used as the carrier gas and the column was a Supelco SUPELCOWAX 
MS/MS analysis
A 4000 QTRAP quadrupole/linear ion-trap tandem mass spectrometer Applied Biosystems was used for MS/MS analysis. To evaluate the MS/MS fragmentation, product ion scanning was performed by directly injecting 18:0p/18:1 solution 0.2 μg/ml methanol into the MS/MS 5 μl/injection using methanol as a carrier solvent 0.2 ml/min . Electrospray ionization was performed in negative and positive ion modes. The negative ion mode was used as an ion source with collision energy of 50 eV, transition dwell time of 100 ms, turbo gas temperature of 600 , and a spray voltage of 4,500 V. Nitrogen pressure values for turbo, nebulizer, and curtain gases were set at 40, 70, and 40 pounds per square inch, respectively. Negative ion spectra were collected in the m/z range of 100-900. The positive ion mode was used as an ion source with collision energy of 20 eV and a spray voltage of 4,800 V. The other conditions conformed to the negative ion mode.
Precursor ion scanning in the negative ion mode was performed for profiling PE molecular species in the preparations. The MS/MS instrument was programmed to scan parent ions that yielded a fragment ion of 196 Da for PE after fragmentation in the collision cell. This unique fragment occurred two carbon chains and a H 2 O removed from PE. Moreover, precursor ion scanning in the positive ion mode was used for identifying plasmalogen species. Ethanolamine plasmalogens at the sn-1 with 16:0, 18:0 and 18:1 were detected by scanning parent ions that yielded fragment ions of 364, 392 and 390 Da, respectively. The mechanism of formation of these fragment ions was proposed by Zemski Berry and Murphy 25 . It involves the oxygen atom at the sn-1 position attacking the phosphorous atom, which results in the formation of a new O-P bond and concomitant abstraction of the hydrogen from C-2 of the glycerol backbone to form a double bond between C-1 and C-2 of the glycerol structure.
2.6 Puri cation of 18:0p/20:5 from ascidian viscera 18:0p/20:5 was purified from Pls fraction of ascidian viscera by preparative HPLC with Electrospray IonizationTime of Flight Mass Spectrometer ESI-TOF MS . The C 18 column was COSMOSIL 5C 18 -MS-II 10 250 mm, φ 5 μm; Nacalai tesque, Kyoto, Japan , and the mobile phase consisted of methanol-0.5 M ammonium acetate 99:1, v/v . The flow rate was 5.0 mL/min, and the column was maintained at a temperature of 40 . The ESI-TOF MS was a Mariner Applied Biosystems, Carlsbad, CA . Electrospray ionization was performed in positive ion mode. Spray voltage, nozzle potential, nozzle temperature and nebulizer gas flow rate were set at 2,000 V, 150 V, 150 and 3.0 mL/ min, respectively. The purity was confirmed by HPLC-ELSD and GC.
LC-MS/MS analysis with multiple reaction monitoring
For LC-MS/MS analysis, a Shimadzu liquid chromatography system, including a vacuum degasser, a quaternary pump, and an autosampler Shimadzu, Kyoto, Japan , was equipped with a 4000 QTRAP mass spectrometer 25, 26 .
Plasmalogen species were analyzed using a silica column Inertsil SIL-100A, 2.1 100 mm, φ 3 μm; GL Sciences, Tokyo, Japan with a binary gradient consisting of solvent A acetonitrile-methanol-1 M aqueous ammonium formate pH 6.0 78:20:2, v/v/v and solvent B acetonitrile-methanol-1 M aqueous ammonium formate pH 6.0 49:49:2, v/ v/v . The gradient profile was as follows: 0-1.0 min, 70 B; 1.0-1.1 min, 70-100 B linear gradient; 1.1-5.5 min, 100 B. The flow rate was 0.2 ml/min, and the column temperature was 40 . The plasmalogen species were detected using multiple reaction monitoring MRM of the transition of parent ions to product ions. The quantitation of plasmalogen species in ascidian PE was performed for four molecular species 18:0p/18:1, 18:0p/20:4, 18:0p/20:5, and 18:0p/22:6 , because the main in the PE was revealed by precursor ion scanning in MS/MS analysis.
RESULTS AND DISCUSSIONS

Plasmalogen preparation from ascidian viscera
Pls fractions 10 g were obtained from 1 kg of freeze-dried ascidian viscera by this preparative procedure Fig.  1 . The Pls fraction consisted of ethanolamine plasmalogen 40 , diacyl-and alkylacyl-PE 25 , other phospholipid classes 10 , and non-phospholipid containing pigments 25 Table 1 . The plasmalogen level was much higher than in the total lipid extract of the viscera ethanolamine plasmalogen 3.2 , diacyl-and alkylacyl-PE 1.9 , other phospholipid classes 9. 4 , and non-phospholipid molecules 85. 5 . The plasmalogen level 61.8 of PE of the ascidian viscera analyzed in the present study was about the same as that reported previously, where plasmalogen accounted for 64.4 of PE 8 .
Moreover, this Pls fraction was subjected to alumina or DEAE columns to remove lipophilic substances except PE data not shown . Consequently, the plasmalogen purities were 50 and the recoveries were 70-80 . While higher purities could be obtained with TLC, HPLC or enzyme treatment, these methods might not be efficient for laboratory-scale preparations. If necessary, other easily obtainable resources having higher plasmalogen contents of PE e.g. asteroidean Aphelasterias japonica 92.5 and Lysastrosoma anthosticta 84. 4 could be used. Thus, the content of 18:0 alkenyl chains analyzed in the present study was higher than that reported previously.
Pro ling of PE species in Pls fraction
To profile the molecular species of PE, we used precursor ion scanning in the negative mode for 196 Da, and in the positive mode for 364, 392, and 390 Da. When the Pls Fig. 3 Precursor ion scanning of PE species in ascidian muscle, scallop muscle and blue mussel. Spectrums were precursor ion scanning for m/z 196 in the negative ion mode, and PE species were determined by precursor ion scanning for m/z 364, 390 and 392 in the positive ion mode. Table 2 . This result was confirmed by GC of fatty acid and aldehyde components.
A recently developed QTRAP MS/MS offers specific benefits for analysis of many biomolecules, including lipids 27 30 , in that product ion scanning, precursor ion scanning, and MRM can be carried out to provide useful structural information for the analytes even in the presence of background contaminants that exist in complex biological materials. By traditional methods used for plasmalogen measurement that involve 2, 4-dinitrophenylhydrazones and iodine, the sensitivities are low detection limits of 3-5 μg , and the identities of phospholipid classes and plasmalogen species cannot be determined. GC methods consisting of phospholipid class isolation, PE subclass isolation and GC analysis reveal hydrocarbon chain compositions but not molecular species, and these methods are complex. In the present study using precursor ion scanning in negative and positive ion modes, we developed an LC-MS/MS method to comprehensively analyze intact ethanolamine plasmalogen. Moreover, plasmalogen species revealed by precursor ion scanning enabled these determinations to have high selectivity and sensitivity at the molecular species level by MRM detection limits of 4 pg . These advantages will enable the evaluation of plasmalogen resources and clarify mechanisms of its absorption and metabolism. 
Conclusion
In the present study, we developed a laboratory-scale preparative method for ethanolamine plasmalogen from marine invertebrates and a LC-MS/MS assay for plasmalogen species. In this procedure, 40 pure plasmalogen, which is rich in n-3 PUFA, was prepared from ascidian viscera. In precursor ion scanning and MRM using LC-MS/ MS, the prominent plasmalogen species in the viscera were 18:0p/20:5 and 18:0p/22:6. This LC-MS/MS assay enabled plasmalogen determination with high selectivity and sensitivity at a molecular species level. This preparative procedure and LC-MS/MS assay will help provide resources for studies that will lead to a better understanding of dietary plasmalogen absorption and metabolism.
